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(54) Bisamidrazone compound and vulcanizing agent for f luorinecontaining elastomer 
comprising the same 

(57) Novel compound, 2,2-bis(4-carboxyphe- 
nyl)hexafluoropropane bisamidrazone, obtained by con- 
version of the carboxy groups of 2,2-bis(4- 
carboxyphenyl)hexafluoropropane to acid chloride 
groups, followed by reaction with ammonia; dehydration 
reaction of the resulting 2 > 2-bis(4-carboxyphenyl)hex- 
afluoropropane diamide; reaction of the thus obtained 
2,2-bis(4-cyanophenyl)hexafluoropropane with alcohol; 
and reaction of the resulting 2,2-bis(4-carboxyphe- 
nyt)hexafluoropropane bisiminoalkyl ether with hydra- 
zine is a useful vulcanizing agent for fluorine-containing 
elastomer having cyano group. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . FIELD OF THE INVENTION 

The present invention relates to a bisamidrazone compound and a vulcanizing agent for fluorine-containing elas- 
tomer containing the same, and more particularly to a bisamidrazone compound as a novel compound and a vulcanizing 
agent for fluorine-containing elastomer having cyano groups as cross-linkable groups, which comprises the same. 

10 

2. RELATED PRIOR ART 

JP-A-59-1 09546 discloses a fluorine-containing elastomer composition which comprises a terpolymer of tetrafluor- 
oethylene. perfluoro(methyl vinyl ether) and cyano group-containing (perfluorovinylether) represented by the following 
15 general formula: 

CF2=CF[OCF 2 CF(CF 3 )]nO(CF2)mCN 

wherein n: 1-2 and m: 1-4 

20 and a bis(aminophenyl) compound represented by the following general formula as a cross-linking agent: 



wherein A is an alkylidene group having 1 to 6 carbon atoms, a perfluoroalkylidene group having 1 to 10 carbon atoms. 
30 a S0 2 group, an O atom, a CO group or a carbon-carbon bond capable of directly bonding two benzene rings, and X 
and Y are hydroxyl groups or amino groups. 

However, vulcanized products obtained by vulcanization of such a fluorine-containing elastomer composition are 
not satisfactory at all in the compression set. 

35 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel bisamidrazone compound capable of producing vulcanization 
product having a satisfactory compression set. when used as a vulcanizing agent for fluorine-containing elastomer having 
cyano groups as cross-linkable groups. 
40 Another object of the present invention is to provide a process for producing such a novel bisamidrazone compound. 

Other object of the present invention is to provide a curable, fluorine-containing elastomer composition, which com- 
prises a fluorine-containing elastomer having cyano groups as cross- linkable groups and a bisamidrazone compound. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

According to the present invention, there is provided a novel bisamidrazone compound represented by the following 
general formula [I]: 



50 




wherein R is an alkyl'dene group having 1 to 6 carbon atoms, preferably an isopropylidene group, or a perfluoroalkylidene 
group having 1 to 10 carbon atoms, preferably a perfluoroisopropylidene group, among which particularly preferable is 
a perfluoroisopropylidene group, where the resulting bisamidrazone compound is 2,2-bis(4-carboxyphenyl)hexaf luoro- 
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propane bisamidrazone. A process for producing this compound through a series of the following steps will be described 
below: 

(1) Two moles of toluene is made to react with one mole of perfluoroacetone (CF 3 ) 2 CO to obtain the following 
compound: 

CF, 
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h.c<>-<> ch ' 



i 

CF, 



Then, the thus obtained compound is oxidized to obtain the following 2.2-bis(4-carboxyphenyl)hexafluoro- 
propane: 



CF, 

HOOC-f y-fHt _>-C00H 
CF, 



Then the thus obtained compound is made to react with thionyl chloride SO& in the presence of a pyridine 
catalyst to convert the carboxyl groups to an acid chloride groups, and further made to react with aqua ammonia to 
obtain the following 2,2-bis(4-caiboxyphenyl)hexafluoropropane diamide: 



CF, 



a, noc^(3-c-(3-conh. 



CF, 



40 (2) The thus obtained 2,2*is(4^artx)xy P henyl)hexafluoropropane diamide is made to ™^«^"?^ 
a solvent such as dehydrated dimethylformamide or the like to conduct a dehydration reaction, whereby 2,2-b.s(4- 
cyanophenyl)hexafluoropropane having the following formula [111 is obtained: 

CF 
CF, 

50 
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(3) The thus obtained 2,2-bis(4-cyanophenyl)hexaf luoropropane is made to react with an alcohd such as methanol 
eftanoLpropanolorthelikeunder an acidic condition to convert ittobisiminoalkyle^ 
Shydrogen*loride. where bisiminoalMetherdihydrochloh^ 

carried out in the presence of a basic catalyst such as a tertiary amine, an alkali meta altoxKfc K>rthe hke^ Though 
the reaction can proceed without a reaction solvent, it is preferable to use such a solvent as d,e% I ether, ete. In 
any case A is preferable to conduct the reaction under substantially water-free condrtions. When the bisirm- 
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noalkylether is once obtained in the form of hydrochloride salt, etc.. the hydrochloride salt is made to react with 
sodium hydrogen carbonate in the presence of diethyl ether and water, whereby tree bisiminoalkylether of 2.2-b.s(4- 
carboxyphenyl)hexafluoropropane having the following formula [llllcan be obtained: 



CF, 



■V-AV-k/ Vcf" [in'] 

Rf/ 



| \=S ^ 0 R 
CF, 



(4) The thus obtained 2 2-bis(4-carboxyphenyl)hexaf luoropropane bisiminoalkylether is made to react with hydra- 
zine, whereby the desired bisamidrazone of bis(4-carboxyphenyl)-hexaf luoropropane having the following formula 
[II can be obtained: 

CF 

,X>rCKL. 

CF, 



The reaction is carried out in a solvent such as methanol, ethanol. propanol. monoglyme, diglyme. triglyme. 
tetrahydrofuran, dioxane or the like, at a temperature of about 50 to about 1 50°C in generally. 

Bisamidrazone compound produced through a series of the foregoing steps can be used as a vulcanizing agent for 
fluorine-containing elastomer having cyano groups as cross-linkable groups. Such a fluorine-containing elastomer is a 
generally terpolymer comprising about 45 to about 75% by mole of tetrafluoroethylene, about 50 to about 25 A by mo e 
of perfluoro(lower alkyl vinyl ether) or perfluoro(lower alkoxy-lower alkyl vinyl ether) and about 0.1 to about 5% by mole 
of pert luoro unsaturated nitrite compound, the sum total of the monomers being 1 00% by mole. 

As the pert luoro(lower alkyl vinyl ether), pert luorofmethyl vinyl ether) is usually used. As the pert luoro(lower alkoxy- 
lower alkyl vinyl ether), the following compounds are used: 
CF2=CFOCF2CF(CF 3 )OC n F 2n+1 (n: 1-5) 
CF2=CFO(CF2) 3 OC n F 2n+1 (n: 1-5) 

CFz^FOCFzCFfCF^OtCFjOUCnF;,^ (n: 1 -5 and m: 1-3) 
40 CF 2 =CFO(CF 2 ) 2 OC n F 2n+1 (n: 1-5) 

Among them, compounds whose C n F 2n+1 group is a CF 3 group are preferably used. 

As the pert luoro unsaturated nrtrile compound as a cross-linkable side monomer, the following compounds can be 
used: 

CF2=CFO(CF2)nOCF(CF 3 )CN (n: 2-5) 
45 CFz^FIOCFzCFCCFsMnOfCFzJmCN (n: 1-2. m: 1-6) 

CF 2 =CFO(CF2)nCN (n:1~8) 
CF 2 =CF[OCF 2 CF(CF 3 )]nOCF 2 CF(CF 3 )CN (n: 1-2) 



50 CF,=CFO(CF.)n-f>-CN (n: 1-6) 



55 



The terpolymer comprising the foregoing components as essential ones can be further copolymer.zedwrthw.ous 
f luoroolef ins or vinyl compounds in such a degree as not to inhibit the copolymerization reaction and detenorate phys.cal 
properties of vulcanized products, for example, not more than about 20% by mole on the basis of the terpolymer Fluoro- 
olefinsfor use in the present invention include, for example, vinylidene fluoride, monofluoroethylene. trrfluoroethylene. 
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trrtluorooroovlene pentafluoropropylene. hexafluoropropylene. hexafluoroisobutylene. chlorotrBluoroethyiene dichlo- 
^SSS^^fi c5m£un* for use in the present invention indude. for example ethylene. m^nO- 
wiaTsobSene, methyl vinyl ether, ethyl vinyl ether, butyl vinyl ether, cydohexy. vnyl ether. vmyl acetate, vny. 
Drooionate vinyl chloride, vinylidene chloride, trifluorostyrene, etc. 
- About o 1 to about 5 parts by weight, preferably about 0.5 to about 2 parts by weight, of bisamidrazone compound 
as aSn^S iied by the foregoing genera, formula is added to 1 00 parts by weight of the terpolymer. 

furth* co£ anTnorganic filler such as carbon black, silica, etc.. an acfcf acceptor such as 
o fTdivalent metal, IHharge. etc.. and other additives, as deared. ^ " m ^™™ ^^^^ 

w kneader Bambury mixer, etc. Cross-linking of the composition is earned out by heating at about 100 toi about 250 otor 
TZ 11 tc . about ?20 minutes. Secondary vulcanization, when desired, is preferably earned out at about 150 to about 
5>«n°r for not more than about 30 hours in an inert atmosphere such as a nitrogen atmosphere. 

£X7f» Present invention, there is provided a novel bisamidrazone compound, which is apphcab *. asa 
vulcaSgagem^ 

15 having a satisfactory compression set can be obtained thereby. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be explained in detail below, referring to Examples. 
EXAMPLE 1 

(1) Synthesis of 2,2-bis(4-carboxyphenyl)hexafluoropropane diamide: 

105g of 2,2-bis(4-camoxyphenyl)hexafluoropropane (purity: 92%) was charged into a ^f?^^"™^ 
stirrer, a reflex tube a dropping funnel and a thermometer, and then a mixture of 1m. ofpyr *ne arc 1 160ml offcn* 
chloride was added thereto through the dropping funnel. Reaction was earned out at 60°C for 2 hours and further at 

l,red^urTea^tiion y . chloSde was distilled off from thefiltrate under reduced pressure, whereby 2.2-b,s(4- 

ch,o T^rs^^ 

ture of 200ml of aqua ammonia and 100ml of acetonitrile, while keeping the temperature below 50°C, and stirred for 
u^er3hol^ 

bvTltration washed with water and dried successively in desiccators provided with calcium chlor.de arri phosphorus 
p'enSS. r«peSvely aTLceants under reduced pressure, whereby 89g of 2,2-bis(4-carboxypheny.)hexaf.uoro- 
propane diamide was obtained (yield: 85%). 
(2) Synthesis of 2,2-bis(4-cyanophenyl)hexafluoropropane: 

50ml of thionyl chloride was dropwise added to 420ml of dimethyl formamide obtained by distillation .oyer calcium 
hydrtte while keeping the temperature at 10»C with stirring, and then heated to 35°C under a nrtrogen ^gas stieam 
Sen 67 Og of the above-mentioned 2.2-bis(4-carboxyphen^)hexafluoropropane d.amide was slowly, added hereto 
Steeping the reaction mixture bdow 50'C. and stirred for further 4 hours at 40'C. Then tt,e reactjon , m-xture was 
po red^nto ! liter of water and the resulting predates were recovered by filtration ' " ' 

Sesiccator proved with phosphorus pentaoxide under reduced pressure and washed wrth , n-hexane when*y 59.0g 
o?2 2-bis(4<yanophenyl)hexafluoropropane having a melting point of 128 to 130'C was obtained (y.eld. 85%). 
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Infrared absorption spectrum (KBr): 2255cm" 1 (CN) 
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Elemental analysis: 




Calculated; 


C 57.63%, 


H 2.27%, 


N 7.90%, 


F 32.17% 


Found ; 


C 57.51%, 


H 2.32%, 


N7.83%. 


F 32.01% 
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1H-NMR (CD3COCD3): 8.1 (m), 7.65(m) 

19F-NMR (CD3COCD3; CF3COOH base): -14.7ppm(s,6F) 

Mass spectrum (m/z) : 354(M*, relative intensity 85%) 
335(M + -F, relative intensity 5%) 
285(M + -CF 3 , relative intensity 100%) 

(3) Synthesis of bisiminoethylether of 2,2-bis(4-carboxyphenyl)hexafluoropropane: 

A dry hydrogen chloride gas was passed through a solution mixture of 90ml of anhydrous ethanol, 350ml of anhy- 
drous diethyl ether and 83g of 2,2-bis(4-cyanophenyl)hexafluoropropane below 15°C up to saturation. 12 hours here- 
after, the resulting crystals were recovered by filtration, washed wrth ether and dried, whereby 91g f f ^™ n °*J elher 
• dihydrochloride salt of 2.2-bis(4-carboxyphenyl)hexafluoropropane having a melting point of 130 to 140 C was 
obtained (yield:74%). 
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Elemental analysis: 




Calculated; 


C 48.56%, 


H 4.27%, 


N 5.39%, 


F 21.95%, 


CI 13.65% 


Found ; 


C 48.38%, 


H 4.07%, 


N5.19%, 


F 21.99%, 


CI 13.53% 



35 



40 



i9F-NMR(CD 3 COCD 3 ;CF 3 COOHbase):-14.65ppm(s,6F) 

111g of bisiminoethylether ■ dihydrochloride salt of 2,2-bis(4-carboxyphenyl)hexafluoropropane was ^ 
bv little to a solution of 1 liter of distilled water. 75g of sodium hydrogen catenate and 550ml of diethyl ether At 30 
minutes after the end of addition, a diethyl ether layer was recovered by decantation. dried over magnesium sulfate and 
filtered. Diethyl ether was distilled off from thef Urate, whereby bisiminoethylether of 2.2-bis(4-carboxyphenyl) hexafluor- 
opropane having a melting point of 88 to 90°C was obtained. 
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Elemental analysis: 




Calculated; 


C 48.80%. 


H 3.85%, 


N 20.09%, 


F 27.25% 


Found ; 


C 48.47%, 


H 3.93%, 


N 19.16%, 


F 27.40% 



so (4) Synthesis of bisamidrazone of 2,2-bis(4-rarboxyphenyl)hexafluoropropane: 

The thus obtained bisiminoethylether of 2.2-bis(4-carboxyphenyl)hexaf luoropropane was dissolved in a solution of 
400ml of anhydrous ethanol and 370ml of hydrazine ■ monohydrate and boiled in a nitrogen gas stream for 15 min- 
utes After cooling, the reaction mixture was poured into 1 liter of water, and the resulting precprtates were recovered 
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utes.Atter cooing, tne reacnon mixture was> yuuieu ■ «. ... _. 

byfiltration.washedwithwater.and dried in a desiccator provided with phosphorus perrtaox.de urKlerr^press^e 
whereby 90g of bisimidrazone of 2,2-bis(4-carboxyphenyl)hexafluoropropane hav.ng a melting pant above 300 C was 
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obtained (yield: 95%). 



Elemental analysis: 




Calculated; 


C 56.05%, 


H 4.51%, 


N 6.27%, 


F 25.53% 


Found ; 


C 56.56%, 


H 4.39%, 


N 6.36%, 


F 25.50% 
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1H-NMR (CD3COCD3): 8.1(m), 7.45(m). 6.25 (br.s) 
19F-NMR (CD3COCD3; CF3COOH base): -14.7ppm(s.6F) 
Mass spectrum (m/z): 418(M*) 
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EXAMPLE 2 

After replacement of theinside gas in an autoclave havinganet capacity <*1^^^^***^* 
1 to of ammonium persulfate. 4.6g of potassium dihydrogen phosphate, 4.4g of a mixtore °f ammon<um , per- 
, uorooctanoate - ammonium perf.uorodecanoate in a ratio of 60 : 40 by weight and 0.3g of 
^autoclave. Then.a.rx™^ 

of oerfluorofmethyl vinyl ether) [FMVE] and 63.5g of tetrafluoroethylene [TFE] in a molar rafco of 3 : 54 : 43 was charged 
mSrf M inside preiure of the autoclave reached 6 to 7 kgf/cm2G. Then, the autoclave was heated 
TSc and Te above-mentioned monomer mixture was further charged into the autoclave until the .ns,de pressure of 

the autodave so as to m aintain the polymerization pressure at 10 to 11 kgf/orttS. Then, the reactic «■ «as continued at 
^ polymerization temperature for further 23 hours and the inside pressure was decreased to 3.6 Rgf/cm^G from 1 1 
SS r A ^t h s point unreacted monomer mixture was discharged from the autoclave, and the reacton mixture was 
^rttoldM to precipitate the copolymer. The predpteted copolymer was washed with hot^ 
ethanol and dried at 60'C under reduced pressure, whereby 1 69.8g of whrte terpolymer (intr.nsc viscosity r,sp/c = 0.80) 
having the following polymer composition by 13F-NMR was obtained: 



35 



FCV-82 


2.8mol.% 


FMVE 


39.6 " 


TFE 


57.3 B 



100 parts by weight of the thus obtained terpolymer was admixed with 15 parts by weight of 1 knoaHed 
2 5 oarts by weight of 2,2-bis(4-carboxyphenyl)hexaf luoropropane bisamidrazone obtained in Example 1 and kneaded 
fn aSmi ^resulting kniaded mbSre was subjected to primary (press) vulcanization at 180=C to 
her! to secondary^en] vulcanization at 250»C fa 24 hours. The thus obtained vulcanized product had the followng 
nTrna" stSpr^SI properties (measured accorting to J.S K-6301) and compression set (P-24 0 ring, measured 
45 according to ASTM Method B): 



Normal state physical properties: 



100% modulus 


37kg/cm2 


Tensile strength 


105 kg/cm* 


Elongation 


200% 
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Compression set 
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250°C for 70 hours: 


30% 


275°C for 70 hours: 


37% 



10 

COMPARATIVE EXAMPLE 

In Example 2, FCV-82 was replaced with the same amount of the following compound: 

15 

CF2^KXF^CF(CFa)0(CF^CN [FCV-80] 

1 96. 3g of white terpolymer (intrinsic viscosity nsp/c = 0.44) having the following polymer composition determined 
by 13F-NMR was obtained thereby: 

20 



FCV-80 


3.1mol.% 


FMVE 


39.6 " 


TFE 


57.3 " 



100 parts by weight of the thus obtained terpolymer was admixed with 15 parts by weight of MT carbon black and 
30 1 part by weight of bis(aminophenol)AF and kneaded in a roll mill. The resulting kneaded mixture was subjected to 
primary (press) vulcanization at 180°C for 30 minutes and then to secondary (oven) vulcanization at 250°C for 24 hours. 
The thus obtained vulcanized product had the following normal state physical properties and compression set, deter- 
mined in the same manner as in Example 2: 

35 Normal state physical properties: 



100% modulus 


34kg/cm2 


Tensile strength 


114kg/cm2 


Elongation 


230% 



Compression set 
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275°C for 70 hours: 



60% 
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Claims 

1 . A bisamidrazone compound represented by the following general formula [Q: 

TO 

wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

15 2. A process for producing a bisamidrazone compound represented by the following general formula [Q: 

wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms, which comprises reacting a bis(4-cyanophenyl) compound represented by the following general formula [II]: 

25 
30 

wherein R has the same meaning as defined above, successively with alcohol and with hydrazine. 
3. A bis(4-cyanophenyl) compound, represented by the following general formula [II]: 

nc-/^rY"Vcn [n] 



40 wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

4. A vulcanizing agent for a fluorine-containing elastomer containing cyano groups as cross-linkable groups, which 
comprises a bisamidrazone compound represented by the following general formula [I]: 

45 

H a NHN^C=^~ R ~~C!3~ °\ NHNH, C 1 ] 

50 

wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

55 5. A vulcanizing agent according to Claim 4. wherein the fluorine-containing elastomer having cyano groups is a ter- 
polymer of tetraf luoroethylene. perf luoro(lower alkyl vinyl ether) or pert luoro(1ower alkoxy-lower alkyl vinyl ether) and 
perf luoro unsaturated nitrile compound. 
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6 Acurable^luorine-corteining elastomers 

groups as cross-linkable groups and a bisamidrazone compound represented by the following general formula [Q. 



10 

atoms. 



wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 



7. A curable, fluorine-containing elastomer composition according to Claims 6. wherein !^ or ^ 

tomer having cyano groups is a terpolymer of tetraf luoroethylene, perfluoro(lower alkyl vinyl ether) or perfluoro (lower 
is alkoxy-lower alkyl vinyl ether) and perfluoro unsaturated nitrile compound. 
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